Objective: To reevaluate whether relatively few oocytes obtained in one cycle are an indication for intracytoplasmic sperm injection (ICSI). Methods: A total of 406 cycles with three or fewer retrieved oocytes performed in 396 non-male infertile couples were retrospectively reviewed. Cycles were classified into three groups by different fertilization techniques: the in vitro fertilization (IVF) group, insemination with conventional IVF; the ICSI group, insemination with ICSI though semen parameters were normal; and the rescue ICSI group, re-insemination with ICSI after conventional IVF failure. Results: The ICSI group resulted in higher normal fertilization compared with the conventional IVF group. Correspondingly, the cycle cancellation rate was decreased in the ICSI group, though it was not statistically significant. The clinical pregnancy rate and implantation rate were lower in the ICSI group compared with the conventional IVF group. Rescue ICSI was a method to avert total fertilization failure in conventional IVF, increasing fertilization and ensuring embryo availability for transfer, but the normal fertilization was the lowest due to delayed insemination and the chance of pregnancy was very little. Conclusions: Obtaining only few oocytes in one cycle is not considered as an indication for ICSI when the sperm sample is apparently normal. Rescue ICSI is either not recommended if conventional insemination fails. Such patients should not be subjected to the unnecessary costs and potential risks of ICSI.
Introduction
Since its first introduction in 1992, intracytoplasmic sperm injection (ICSI) has been applied worldwide to treat severe male factor infertility and fertilization dysfunction. Recently, however ICSI has been increasingly used in cases where conventional in vitro fertilization (IVF) would not necessarily be inefficient (Oehninger and Gosden, 2002; van der Westerlaken et al., 2005; Kim et al., 2007) . The advantage of ICSI with non-male factor infertility is still the subject of debate. Staessen et al. (1999) , Fishel et al. (2000) , Plachot et al. (2002) , Elizur et al. (2004) , and van der Westerlaken et al. (2006) have stated that one advantage of ICSI is avoiding the risk of fertilization failure. However, many authors have reported no differences in terms of fertilization and implantation rates between ICSI and IVF (Bukulmez et al., 2000; Kim et al., 2007) . In addition, some researches have indicated that ICSI is more efficient in terms of the number of fertilized oocytes and good quality embryos (Khamsi et al., 2001) .
The literature is also divided when a low number of oocytes are available for insemination. Some authors have found ICSI useful to achieve more fertilized oocytes and good quality embryos when the number of retrieved eggs is very low (Ludwig et al., 1997) while others have reported no difference, even in patients with one (Gozlan et al., 2007) or few (Borini et al., 2009) 
oocytes inseminated.
So far, the management of these patients remains controversial, and thus a number of patients and IVF centers have been reluctant to use ICSI as the first insemination choice because of its inconsistent outcomes.
It is important, therefore, to determine whether there is any therapeutic benefit to ICSI and whether it should be performed on patients when only few oocytes are available. With the improvement of insemination techniques and embryo culture environment, accompanied with the potential risks of ICSI to some extent unexplored, it is necessary to reevaluate whether relatively few obtained oocytes in one cycle are an indication for ICSI.
Subjects and methods

Patients
Given the expense, difficulty, and limitations, it is difficult to compare IVF and ICSI results in a prospective randomized trial. In our retrospective analysis, a cohort study was performed to investigate the prognosis of cycles with few retrieved oocytes in regards to the use of ICSI (rather than IVF). Four hundred and six cycles of 396 patients in which no more than three oocytes were retrieved were studied at the Reproductive Medicine Center of Tongji Hospital, Wuhan, China, from January 2009 to December 2010. All partners had normal semen parameters post-wash on the retrieval day. The patients were divided into three groups by different fertilization techniques: the IVF group, insemination with conventional IVF; the ICSI group, insemination with ICSI; and the rescue ICSI group, re-insemination after conventional IVF failure. To control for confounding variables, the cycle characteristics of each group were listed and compared.
Ovarian stimulation and sperm preparation
The patients were treated with gonadotropinreleasing hormone (GnRH) agonist (Decapeptyl, Ferring, Kiel, Germany; Diphereline Ipsen, Paris, France) from either the mid-luteal phase of the preceding cycle in a long treatment protocol or the second day of the cycle in a short treatment protocol. Ovarian stimulation was carried out with recombinant follicle-stimulating hormone (FSH) (Gonal-F, Serono, Aubonne, Switzerland). Follicular development was monitored by ultrasound scanning and serum hormone levels. Human chorionic gonadotropin (hCG 10 000 IU) was administered when two or more follicles reached a mean diameter of 17-18 mm. Oocytes were retrieved by ultrasound-guided transvaginal puncture 36-38 h later.
Semen was collected in a sterile container by masturbation after 3-5 d of sexual abstinence and then kept for 30 min at 37 °C. After liquefaction, samples were analyzed for sperm concentration, motility, and morphology according to the World Health Organization (WHO) criteria. The semen samples were processed by the conventional swim-up method. If the sperm sample after preparation had a total motile sperm count (TMC) exceeding 2.0×10 6 with forward sperm motility (a+b)>50% and morphology (strict criteria) of >5% normal forms, the sperm were deemed normal.
Insemination
In the ICSI group, oocytes were treated with 0.5% (5 mg/ml) hyaluronidase (Sigma, St. Louis, Missouri, USA) for 10-20 s for enzymatic lysis of the cumulus oophorus cells. Cells of the corona radiate were removed mechanically with a Pasteur pipette under dissecting microscope guidance. Subsequently, the maturity of the oocytes was determined. Only oocytes in metaphase II were used for the ICSI procedure. The microinjection procedure was in accordance with van Steirteghem et al. (1993a; 1993b) .
In the conventional IVF group, the oocytes were incubated in culture medium and inseminated with 5×10 4 -10×10 4 motile spermatozoa 3-4 h after retrieval. Three hours later, the corona cells were removed to assess fertilization. If there was no sign of fertilization (no second polar body exhibited 6 h after insemination), rescue ICSI was then performed with the patient's consent.
Fertilization was confirmed by the observation of two pronuclei (PN) 14-18 h after IVF or ICSI. Cleavage was assessed the following day and good embryos of normal fertilization were then transferred.
Pregnancy
Clinical pregnancy was defined as the presence of a gestational sac as well as at least one fetal heartbeat on ultrasound screening. Abortion was defined as pregnancy loss before 20 weeks of gestational age.
Statistical analysis
The data were analyzed by chi-square test and P<0.05 was considered statistically significant.
Results
A total of 406 cycles performed in 396 patients were reviewed. The 406 cycles consisted of 297 in the IVF group, 72 in the ICSI group, and 37 in the rescue ICSI group (Table 1 The increased number of embryos for transfer in the ICSI group did not result in an improved pregnancy rate. The pregnancy rate in the ICSI group was actually lower than that in the IVF group, and the implantation rate was decreased as well.
If conventional IVF failed, rescue ICSI was a useful way to re-inseminate to avert cycle cancellation, though it could not avert cycle cancellation completely. The normal fertilization and embryos available were relatively low compared with the conventional ICSI group due to delayed insemination and oocyte aging. Of the 37 cycles rescued, 26 cycles had the chance of embryo transfer. Only two couples became pregnant, but one ended in spontaneous abortion. Table 2 shows results for a specified group of patients of the reviewed cycles who were aged 40 years and over. No significant differences were found between the IVF and ICSI groups in terms of normal fertilization, abnormal fertilization, and cycle cancellation rate. Seven couples achieved pregnancy in the IVF group. The pregnancy rate was 18.9% (7/37). Of the 22 cycles with embryo transfer, no pregnancy was achieved in the ICSI group of the specified patients. 
Discussion
ICSI was first applied for cases of severe male factor infertility, where conventional IVF was expected to fail or give poor outcomes. Some recent reports have shown that ICSI (one egg, one spermatozoon) can be used successfully on non-male factor couples to provide comparable or higher fertilization rates (Palermo et al., 1996; Khamsi et al., 2001) and superior embryo quality (Yang et al., 1996) than conventional IVF. Thus, ICSI has been increasingly used in cases in which conventional IVF would not necessarily be inefficient, especially when there are few oocytes available.
Unlike ICSI, in which one sperm is inserted into the cytoplasm of an oocyte, in conventional IVF an oocyte is exposed to 5×10 4 -10×10 4 motile sperm. There is the possibility that more than one sperm could enter the oocyte, which might increase the risk of poly-pronuclei zygotes, and thereby decrease the number of available embryos. Therefore, most assisted reproductive techniques (ART) follow a policy of performing ICSI in cases where few oocytes are available. These oocytes are considered 'extremely valuable', and therefore the use of ICSI may result in higher fertilization rates and thereby improve the chance of pregnancy accordingly.
Our retrospective analysis showed that when ICSI was used to treat non-male infertile couples, greater rates of normal fertilization and numbers of embryos were observed, but it resulted in lower pregnancy and implantation rates. This may relate to the expression of paternal genes that begin at the 4-8 cell stages. It is only at this stage that the consequences of paternal DNA-induced alterations may manifest and impair embryo development (Borini et al., 2006) . For this reason the forced introduction of sperm into the oocyte by ICSI may lead to higher numbers of fertilized oocytes and embryos available for transfer with respect to IVF, but may not correlate with the implantation rate.
Since the number of available oocytes is usually associated with physiologic aging and ovary response (Abdalla et al., 1993; Navot et al., 1994) , ICSI is more prone to be applied in patients of advanced maternal age who are poor responders independent of semen quality. In order to omit this age bias, we further analyzed the results in the original study group in relation to females aged 40 years and over. No pregnancy was obtained in the ICSI group for these specific patients. The results also indicated that there was no advantage for an infertile couple undergoing ICSI with an apparently normal sperm sample, even if the patient was of advanced maternal age. These results are consistent with those of Borini et al. (2009) .
The higher pregnancy and implantation rate after IVF may be explained by a kind of 'natural sperm selection'. On one hand, natural selection may act against chromosomally abnormal oocytes. Chromosomal analysis of failed fertilized oocytes after IVF has shown that about one third of the oocytes had an abnormal karyotype (Kunathikom et al., 2001) . ICSI is an invasive procedure that bypasses most steps of the fertilization process. Performing ICSI may result in some intrinsically or developmentally defective oocytes being fertilized and forming an embryo, which may lead in no pregnancy or pregnancy with abortion. On the other hand, natural selection may also act against subtly defective sperm. In ICSI operation, scientists always attempt to select morphologically normal motile sperm for ICSI, such a subjective method is often inconsistent and it is impossible to distinguish sperm with or without fragmented or denatured DNA on fresh motile sperm.
In addition to the conflicting data surrounding the use of different insemination techniques in cycles with few oocytes available, there are other factors to consider.
Taking cost into consideration, ICSI is a more expensive process (Ola et al., 2001) . The application of ICSI usually results in more fertilization and available embryos, and therefore more infertile couples have the chance of embryo transfer. However, the pregnancy and implantation rates are not improved with the ICSI procedure. Thus, infertile couples endure significant economic and emotional pressure in the pursuit of pregnancy without an associated increase in the rate of pregnancy. In addition, ICSI is a sophisticated operating procedure, which is a more time-consuming and complex than conventional IVF (Taylor et al., 2008) , and therefore increases the workload of staff at fertility clinics and centers.
Another concern is the invasiveness to the gametes (Plachot et al., 2002) . Not only is the ICSI procedure itself an invasiveness process, the ICSI oocytes may also be associated with an increased risk of genetic defects in offspring. During the operation procedure, non-biological materials such as media or polyvinylpyrrolidone (PVP) might be injected into the oocytes. Moreover, the ICSI needle itself, which can disturb the chromosomes on the meiotic spindle, may increase potential genetic defects (Hardarson et al., 2000; Woldringh et al., 2005) , though this needs further study. Research also suggests that ICSI can disrupt oocyte activation and lead to failed fertilization (Flaherty et al., 1995) . Recent studies have also reported an increase in sex chromosomal anomalies in ICSI offspring, although they are exceedingly rare (Bonduelle et al., 2002) .
Rescue ICSI, which is a newly introduced method to avert total fertilization failure, has been increasingly applied worldwide with highly praised results. However, this process does not adapt to all cases of total fertilization failure. In our study, 37 cycles were rescued by means of re-insemination, with 26 cycles obtaining the chance of transfer. However, only one achieved an on-going pregnancy. Oocyte aging because of delayed insemination may be one of the reasons for such a poor outcome (Zhu et al., 2011a; 2011b) .
A constant pursuit of reproductive medicine is to find and apply the simplest, most economical, and least invasive method to give infertile couples the best chance of conceiving a healthy baby.
As ICSI is such a complex procedure, concerns remain regarding its safety. Based on our research, patients with few retrieved oocytes and normal semen parameters received no benefit from ICSI and need not be subjected to its high cost and potential risks, even if the female was at an advanced age. When fertilization failure occurred in these cases, it was likely the result of natural selection, and thus rescue ICSI to re-inseminate is not recommended.
